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ABSTRACT. Four variationsof thefell-and-burntechnique,a systemdevelopedto producemixed pine-
hardwoodstands in the SouthernAppalachianMountains, were comparedin the Piedmontregion. All
variationsof this techniquesuccessfullyimprovedthecommercialvalue of low-quality hardwoodstandsby
introducing apinecomponent.After sixgrowing seasons,loblolly pine (Pinustaech L.) occr~,ied the dominant
crownpositionandoaksthecodominantposition in fell-and-burntreatedstandson poor to mediumquality
sites.Theprecisetiming offelling residualstems,asprescribedbythefell-and-burntechnique,maybeflexible
becausewinterandspringfelling producedsimilar results.Althoughsummersitepreparationburns reduced
hardwoodheight growthby redecingthe length of thefirst growing season,theydidnot improvepinesurvival
or growth Pineswereas tall as hardwoodswithinfour growing seasonsin burnedplotsand within sixgrowing
seasonsin unburnedplots.Additional research is neededto determinethe levelor intensityofsitepreparation
neededto establishpine-hardwoodmixturesovera rangeof siteconditions.South.J. AppI. For. 21(3):116—122.

Improvingproductivity on nonindustrialprivateforest (NIPF)
lands in the Southeastis a major goal for meetingfuture
timberdemands.In thePiedmontandMountainregions,over
68% of thecommercialforestland(26.9 million ac) is occu-
piedby hardwoodor mixedpine-hardwoodstands,and7 1%
of this land is owned by NIPF landowners(Bechtold and
Ruark1988). Becausehardwoodgrowth is vigorousin these
regions,conversionof standsto purepinerequiresextensive
sitepreparationto control competition.Ratherthan spendthe
$150to $250peracrerequiredfor conversionto purepine,
most NIPF landowners choose to leave their forests
unmanaged.Theseunmanagedforestsare responsiblefor a
large acreageof poorly stockedstandsof low-quality hard-
woods in the Southeast.

Although timberproductionmay not be theprimary inter-
est of many NIPF landowners,they may be attractedto
enhancing income if their forestlands can provide other
benefitssuchas aestheticsor wildlife habitat.Establishment
of pine-hardwoodmixtures is a method of providing mul-
tiple benefitswhile improving productivity andminimizing
investment(Phillips andAbettrcxnbie1987). However,guide-
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lines for low-cost regenerationof pine-hardwoodmixtures
are limited.

Traditionally, researchin mixed pine-hardwoodstands
hasfocusedon pine growth reductionfrom hardwoodcom-
petition. More recent researchhas presentedmethods of
harvestingandsite preparationto control hardwoodcompe-
tition. McGee(1986, 1989)reportedhigh survival andrapid
growth of plantedloblolly pines (PinustaedaL.) after har-
vesting low-quality hardwoodstandsby chainsawto a 4 in.
lower diameterlimit (with andwithout herbicideinjection of
residuals)andby shearingto a 1 in. limit. In anotherstudy,
hardwoodsproutsovertoppedplanted loblolly pines in 5yr
old clearcutsunless a herbicide or releasetreatmentwas
applied (Zedakeret al. 1987, Zedakeret al. 1989). Lloyd et al.
(1991) showedthat growth of plantedshortleafpines (P.
echinataMill.) improvedafter releaseat age4, but release
wasnot necessaryfor survival. In astudyby McMinn (1989),
naturallyregeneratedshortleaf,Virginia (P. virginiana Mill.),
and loblolly pineswere largely absentfrom areasharvested
in thegrowing seasonand suppressedin areaswherehard-
woods were dormant-seasonharvestedto a 4 in. diameter

limit insteadof a 1 in. limit.
The fell-and-bumtechnique(Abercrombieand Sims 1986,

Phillips andAbercrombie1987) is aninexpensive(lessthan
$100/ac) regenerationsystem, which may be attractive to
NIPE landowners.This techniquehasprovensuccessfulfor
convertinglow-quality hardwoodstandsto pine-hardwood
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mixtures in the SouthernAppalachianMountains.The tech-
nique includes a commercialclearcut followed by spring
(early growing season)felling of residual hardwoodstems
(more than 5 ft tall) and a summer(late growing season)
broadcastbum. Both felling and burning are designedto
controlhardwoodsproutgrowth so pinescanbe established
without eliminatinghardwoods.Pinesareplantedthefollow-
ing winter (dormantseason)at wide spacings(10 x 10 ft or
wider) to reducecostsandallow somehardwooddominance
in thestand.In previousstudies,hardwoodswereovertopped
within 4 yr by planted shortleafpines in the mountains
(Phillips and Abercrombie1987)and loblolly pines in the
Piedmont(Waldrop 1995). Waldrop et al. (1989) found that
loblolly pines overtoppedhardwoodsby age 7 in fell-and-
bum treatedareasin the foothills of South Carolina.

The fell-and-bumtechniqueshould produceresults in the
uppersoutheasternPiedmontsimilar to thoseobservedin the
mountains.However, the short time periodsfor felling (May
to June) andburning (mid-July to August), as suggestedby
Phillips and Abercrombie(1987), limit successfulapplica-
tion. For manylandowners,prescribedburningis difftcult to
accomplish.Moreover, summerbums can be severeand
result in excessiveerosionif improperlyapplied(Van Lear
and Kapeluck1989, RobichaudandWaldrop 1994). Felling
at othertimesof the yearor eliminatingburningmayresolve
these problems, but these variations of the fell-and-bum
techniquehave not been tested. Finally, the competition
betweentreesin young pine-hardwoodstandshasreceived
limited study,andtheeffectsof sitepreparationtreatmentson
standestablishmentand competitionarepoorly documented.

A projectwasestablishedin 1987 to test thefell-and-bum
techniqueon Piedmontsites andto comparethe effects of
threevariationsof the techniqueon standcompositionand
early growth of pines and hardwoods.This paperreports
findings through six post-harvestgrowing seasons.

Methods

Study sites are located in two standson the Clemson
ExperimentalForest in Pickensand AndersonCounties of
South Carolina. Thesesites are similar in aspect,soil, and
vegetation.All sites are classified as subxeric to xeric
(Jones1989), occur on south-facingslopes, and have
slopesranging from 7% to 10%. All soils aredescribedas
Typic 1-lapludults.

Before harvestingin Decembert987 and March 1988,
commonoverstorytree speciesincludedwhiteoak (Quercus
alba L.), southernred oak(Q. falcata Michaux.), postoak (Q.
stellataWangenh.),blackoak(Q. velutinaLam.),scarletoak
(Q. cocctneaMuenchh.)chestnutoak(Q.prinusL.), hickory
(Car-ya sp.), and shortleafpine. Standbasal areaincluded
18.0ft2/ac ofpinesand57.3 ft2/acof hardwoods.Site index
for shortleafpine (age 50) rangedfrom 55 to 66 ft.

A total of 87 sampleplots wasestablishedin 3 replications
(2 replicationsoccur in one stand)of 4 treatments.The
treatmentsincluded:

1. Spring felling of residualsover 5 ft tall followed by
summerbroadcastburning(thefell-and-bumtechnique).

2. Winter felling of residualswith summerbroadcastburn-
Ing.

3. Spring felling of residualswith no burning.

4. Winter felling of residualswith no burning.

Each treatmentwas randomly assignedto one of four
treatmentareas within each replication. Treatmentareas
were approximately2 ac andincludedfrom 5 to 8 sample
plots.Eachsampleplot was1 ch x 1 ch square(1/10ac).Plot
centers were generally 80 ft apart, leaving a 14 ft buffer
betweenplot boundaries.Before harvest, thespecies,diam-
eteratbreastheight (dbh), andtotal heightof all treesoverS
ft tall wererecorded.Treeslessthan 5 ft tall were talliedby
species.

Phillips and Abercrombie (1 987) suggestedthat sprout
vigor would be reducedby felling residualhardwoodstems
in late springwhen carbohydratereservesin root systemsare
typically low. Winter felling and spring felling wereusedin
this study to test this hypothesis.Chainsawcrewsfelled all
residualstemsover 5 ft tall. Winter felling wasdoneduring
the first weekof March 1988;spring felling wasdoneduring
thethird weekof June1988.

Burningoccurredon July 7, 1988,2daysaftera rainfall of
0.5 in. Humidity at the time of burningwas 50—60%,and
windspeedwas approximately5 mph. Moisture content of
10 hr timelagfuels(0.25-1in. indiameter)was12%at 10:00

and 9% to 10% after noon. Backingfires were started
alongthe edgesof theunits, followed by strip-headfires to
ignite the interior fuels. Disturbanceby skidding and the
presenceoftree tops affectedfuel loadingwhichrangedfrom
noneto very heavy.Fuelsconsistedof large logs, old down
material, freshly felled residuals,logging slash, leaf litter,
andnew growth.

Fuelswereinventoriedbeforeandafter thebroadcastbum
using the planar intersectmethod (Brown 1971). Planes,50
ft long, were establishedalongtransectsat 2 ch intervals.
Azimuths for eachplanewere determinedrandomly.Along
eachplane,quantities,depths,andtypes(pine vs. hardwood)
of fuels were tallied. Percentageof exposedsoil was esti-
matedby dividing the distanceof exposedsoil along the
transectby the length of the transect.

Improved loblolly pine seedlingswere hand plantedby
contractcrews in all treatmentareas during March 1989.
Observationson fell-and-bumareason the SumterNational
Forestin South Carolinaindicatedthatpinesoutcompeteand
overtophardwoodsby age 7 to 10 (Waldrop et al. 1989).
Therefore,pineswere plantedat a wider spacing(15 x 15 ft
insteadof 10 x 10 fi) in this study to reducecosts andto allow
favorable conditions for hardwooddevelopment.

After treatment,regenerationdata were collectedat the
endof eachof the first four growing seasons(1988-199 1)
and at the end of the sixth growing season(1993). Mea-
surementson hardwoods included: (1) number of seed-
lings andsproutsby species,(2) sproutsperstump, and(3)
height of the dominantsprouton each stump.Survival and
height of plantedpineswere measuredfor a 100%sample
of each 2 ac treatmentarea. Treatmentdifferenceswere
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comparedby analysisof variance with each variable for
the common speciesor speciesgroups which included:
loblolly pine, oak, hickory, blackgum, other hardwoods,
and all hardwoodspeciescombined.Mean separationwas
by linear contrast (alpha 0.05).

ResultsandDiscussion

Fire Effects
Broadcastburnswere high intensitywith flamesreaching

heights of 10 to 15 ft wherefuel loading was heavy.However,
fire severity waslow with exposureof mineral soil on no
more than 22% of the burnedareas(Table 1). Although the
amountwasnot measured,somesoil exposurecanbe attrib-
uted to logging disturbance.

The seasonof felling affectedfire behavior. In spring-
felled areas,dry leavescarriedthe fire, producinguniform
burns across the entire study area. In winter-felled areas,
foliage wasnot presentwhen residualswere felled. There-
fore, dry leaf litter was limited, and fires did not carry
betweenslashpiles. Slashpiles hadto be ignited separately,
producinga patchyburn pattern.In a corollarystudy,Evans
et al. (1991)found greaterplant diversity andhighersmall
mammal usagein the patchywinter-felled study areas.

Burning in spring-felled areas consumedmore logging
slash thanin winter-felled areas.Loadingof fine woodyfuels
(lessthan0.25 in. diam)beforeburningwasthesamein both
winter-andspring-felledareas(Table1).Aftertheburn,fine-
fuel loading andthe depthof all woodyfuels (logging slash
and felled residuals)hadbeenreducedmore in spring-felled
areasthan in winter-felledareas.Thesedifferencesarepar-
tially explainedby the presenceof leaveson the stemsfelled
during spring. After a tree is cut, the evapotranspirational
function of leavescontinuesto removewaterfrom the bole
andbranches(McMinn 1986)which increasestheir flamma-
bility.

SpeciesComposition
For all treatments,postharvestspeciescomposition of

regenerationclosely resembledthat of preharveststands.
Regenerationat theendof the 1988growing seasonconsisted
almost entirely of sprouts of scarletoak, southernred oak,
white oak, post oak, black oak, chestnutoak, hickories,
blackgum(NyssasylvaticaMarsh. var.Sylvatica),sourwood
(Oxvdendrumarboreum [L.] DC.), and dogwood (Cornus
Jiorida L.). Primary invader specieswere present in the
burnedareas,but few or none were found in theunburned
treatments.These invader speciesincluded vetch(Vicia

TableI. Fuel characteristicsandsoil exposurebeforeandafter
burning by seasonof telling.

Winter felled Spring felled
Weight of fine woody fuels

(<0.25in. diam)
Before burning
After burning
Percentreduction

Depthof all fuels
Beforeburning
After burning
Percentreduction

Soil exposure
Before burning
After burning

0.4
0.2

50

8.5
3.9

54

4.0
22.1

(tons/ac)

(in.)

(%)

0.4
0.1

75

7.7
1.8

77

7.6
20.3

spp.),butterflypea (Clitoria marianaL.), fireweed(Erechtites
hieracifolia EL.] Raf), andpokeweed(Phytolaccaamerwana
L.).

Hardwood speciescomposition remained largely unaf-
fectedby treatmentthroughoutthe6 yr studyperiod. At the
end of the 1993 growing season,differencesamongtreat-
mentsin thenumberof stemsperacrefor hickories,blackgum,
andthe all-speciescategorywerenot significant(Table 2).
Stemnumbersin theother-hardwoodscategorywere signifi-
cantlygreaterin burnedstudy plots.Although stemnumbers
were higher for this speciesgroup during the first three
growing seasonsafterharvest,this differencewasnot signifi-
cantuntil the fourth growing season(199 1).

Oaknumberswere significantly smallerin burnedareasat
theendof six growing seasons(Table2). This differencewas
an effect of plot locationratherthan fire becauseoakswere
lessnumerousin burnedplots than in unburnedplots before
treatment.Moreover,burningtendedto increasethe number
of oaksproutsperstumpratherthandecreasethem(Table3).
Numbersof sproutsper stump were significantly greaterin
burnedplots for the oak, other hardwood,and all species
groups.

Pine regenerationwas countedat the end of the third,
fourth, andsixth growingseasonsafterharvest(1990, 199 1,
and1993). Survivalof plantedpineswasgenerallyover65%
(126/ac)throughoutthe six postharvestgrowingseasonsand
did not differ among treatments(Table 4). However, total
pine regeneration(planted and volunteer)was significantly
greaterin burnedplotsaftersix growingseasons.This differ-
ence was not significant in previousyears. Pine numbers
decreasedin unburnedplots betweenthe fourth and sixth

Table 2. Speciescomposition of hardwood regeneration six growing seasonsafter harvest.

Other
Treatment Oak’ hardwoods’ TotalHickory Blackgum

(stems/ac)
288a
365a
175a
356a

Winter fell/noburn 3,724c3 653a
Spring fell/no bum 3.300bc 727a
Winter fell ‘bum 2.273a 915a
Spring fell/bum 2.335b 873a _________________________________________

Scarlet oak, southern red oak, white oak, post oak, black oak, and chestnut oak.
2 Blackcherry Iprunusserorina Ehrh.), dogwood, persimmon lOiospyrosvirginiana L.), winged sumac lRhus copat I/na LI. sourwood,

yellow-poplar Itiriodendron rulipifera 1.), and miscellaneous species.
~ Means followed by the same letter within a column are not significantly different at the 0.05 level.

3,177a
3.788a
6,876b
6,362b

7,842a
8,180a

l0.239a
9.926a
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Table 3. Mean number of sprouts per stump by species and treatment six growing seasons after harvest.

Other
Oak’ Hickory Blackgum hardwoods’ Total
4.9a

3 3.9ab l.9a 6.la 5.2a
5.9ab 5.4b l.3a 6.2a 5.8a
6.Sb 3.6a 4.Ia 9.6c 7.4b
6.4b 4.Bab 3.la 8.Ob 6.7b

Treatment
Winter fell/no bum
Spring fell/no bum
Winter fell/burn
Spring fell/bum

Scarlet oak, southern red oak, while oak, post oak, black oak, and chestnut oak.
2 Black cherry, dogwood, persimmon, winged sumac, sourwood, yellow-poplar, and miscellaneous species.
2 Means followed by the same letter within a column are not signiticanty different at the 0.05 level.

growing seasonsand increased in burnedplots. This trend
may suggestthat volunteerpines in unburnedplots were
being overtoppedby vines and herbaceousplants while
recruitmentcontinuedin burnedplots.
Tree Growth

At theendofthe 1988growihgseason,summerbroadcast
burninghadreducedthe heigli of thedominattsprott in each
clump for mostspecies’groups(Table 5). Spring felling and
bumingreducedheightmorethanwinter felling andburning
which was significant for blackgum, hickory, and other
hardwoods.Spring felling without buminghadlittle effecton
height growth. Of the two components,burninghad more
effect on growth than did seasonof felling. The height of
competinghardwoodson burnedplots wasreducedbecause
the growing periodwasshorter in the first growing season
after treatment,not becausesproutvigor wasreduced.

By the endof thesixth growingseason(1993),thedomi-
nanthardwoodsproutaveragedover10 ft tall in burnedplots
andover 13 ft tall in unburnedplots. Sproutsin burnedareas
were significantly shorter than in unburnedareasfor all
speciesandgroups(Table 6). However, the additional con-
trol of hardwoodgrowth providedby spring felling wasno
longer evident, except in the hickory and other hardwood
groups. Hickories in spring-felledand burnedplots were
significantly shorterthan thosein winter-felled andbumed
plots. Within the other-hardwoodgroup, stemsin unburned
areasfelled in springweresignificantly shorterthan thosein
unburnedareasfelled in winter. Blackgumsproutsin spring
felled andburnedareasweresignificantly shorterthan chose

in unburnedareasbut were not significantly different from
thosein winter felled andburnedareas.

Controlling hardwoodgrowth by burningdid not affect
heightgrowthofplantedpines.Pineheightsrangedfrom 12.6
to 14.0ft (Table6),but heightswere not significantly differ-
ent amongtreatments.In theautumnof 1993,plantedpines
hadgrown for five seasons,while hardwoodshadgrownfor
all (unburned)or aportion (burned)of six seasons.However,
pineshadovertoppedhardwoodsin all treatmentplotsexcept
unburnedplots thatwere felled in winter. Most of the pines
that survived through the sixth growing seasonappeared
healthy and should remain a major componentof these
stands.

FignreI comparesheightgrowthofhardwoodsandplanted
loblolly pinesby treatmentoverthe 6 yr study.Hardwoods
arerepresentedby the meanof all specieswithin atreatment.
Becauseheight growth of pinesdid not vary by treatment,
pineheightsareshownasthemeanof all plantedpinesin all
treatmentareas.At the end of the 1988 growing season,
hardwwdsin burn~l treatmertareasweresignificantly sherter
than thosein unbumedareasbecausebuming shortenedthe
growing season.This differencewasconsistentthroughthe
endof the 1993 growingseason.Hardwoodsin spring-felled
areas(burned andunburned)were somewhatshorter than
those in winter-felled areas.However, this difference was
significantonly during the first growing season.

By thetime loblolly pine seedlingswereplanted(between
the 1988 and 1989 growing seasons),hardwoodswere al-
readytaller (Figure 1). Pineseedlingshadlittle heightgrowth

Table 4. Survival of planted pines and total number of pines by treatment at the end of the third, fourth, and sixth
growing seasons.

Year Treatment
Number of plantedpines
surviving per acre(%)

Total numberof pinesper
acre(planted& volunteer)

1990 Winter fell/no bum
Spring fell/no bum
Winter fell/burn
Spring fell/bum

143 (74)at
139 (72)a
144 (75)a
146 (75)a

214a
391a
349a
354a

1991 Winter fell/no bum
Spring fell/no bum
Winter fell/bum
Spring fell/bum

134 (69)a
131 (68)a
133 (69)a
113 (S8)a

297a
324a
516a
415a

1993 Winter fell/no bum
Spring fell/no bum
Winter fell/bum
Spring fell/bum

134 (69)a
130 (67)a
132 (68)a
113 (58)a

216a
278a
564b
440b

I Means followed by the same letter within a column and year are not significantly different at the 0.05 level.
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Table 5. Average height Ifti of the dominant sprout by species group and treatment one growing season after
harvest.

Other
Treatment Oak’ Hickoty Btackgum hardwoods2 Total
Winter fell/no bum 3.3a3 l.Sa 2.6a 3.Sa 3.Oa
Spring fell/no bum
Winter fell/bum

3.Oa
l.6b

l.2ab
l.tb

2.Sa
2.Oa

3.4a
l.9b

2.7b
l.5c

Spring fell/burn I .7b OSe I .Ob I .6c I .3c

1 Scarlet oak, southern red oak, white oak, post oak, black oak, and chestnut oak.
2 Black cherry, dogwood, persimmon, winged sumac, sourwood, yellow-poplar, and miscellaneous species.
2 Means followed by the same letter within a column are not significantly different at the 0.05 level.

during the 1989 and 1990 growing seasons,remainingsig-
nificantly shorterthan ‘hardwoods in all treatmentareas.
Beginningin the 199 1 growingseason,however,pineheight
growth wasmore rapid than hardwoodheightgrowth. Total
heightofpinesequaledhardwoodsin burnedplotsby theend
of the 199 1 growingseason.In unburnedplots, pinesrequired
two additionalgrowingseasonsto equalhardwoodsin height.
Theheights of plantedpineswere not significantly different
from theheightsofhardwoodsin unburnedplotsat theendof
the 1993 growing season.At that time, plantedpineswere
significantly taller than hardwoodsin burnedplots. These
resultsdiffer from thosedescribedin anearlierreport of this
study. Waldrop (1995) showed that pine and hardwood
heightswere equalin burnedplotsat age4 (199 1) andthat
hardwoodswere taller than pinesin unburnedplots. Pines
grewmorerapidly than did hardwoodsbetweenages4 and6
in all plots whichcausedthe changein results.

Theseresults suggestthat little competition existed be-
tween pines and hardwoodsduring the first six growing
seasonsfor all treatments.Even though most hardwoods
were taller than pines for most of the study period, pine
survivalwasgoodandheightgrowth of pinesimprovedafter
their secondgrowingseason(1990). Heightgrowthfor pines
followeda sigmoid shape,beginningwith slow growth (1.7
ft/yr) for 2 yr followed by 3 yr of rapid growth (3.3 ftlyr)
(Figure 1). Hardwoodsproutsfollowed astraight-linepattern
for height growth, averaging 1.9 fl/yr for all treatments.
Although not measured,the crown canopywasbeginningto
close in all treatmentareasat the end of the sixth growing
season. After canopy closure, increasedcompetition may
leadto significantchangesin standcomposition.

SummaryandConclusions
This study indicatesthat the fell-and-burn techniquecan

successfullyestablishmixedstandsof pinesandhardwoods

in the Piedmontregion. Springfelling of residualhardwoods
reducedthe heightgrowth of somespeciesandprovidedfine
fuels to supporta uniform sitepreparationburn. Burnswere
not severewith soil exposedon only about20% of the study
area.Burning effectively controlledhardwoodsproutgrowth
by reducingthelength of thefirst growingseason.This effect
remainedapparentthroughsix growing seasons.The wide
spacingused to plant loblolly pines in this study provided
adequateregeneration.Pines overtoppedhardwoodswithin
four growing seasonsandshouldremaina dominantcompo-
nentof the future stand.Oaks, which were taller andmore
numerousthan most hardwoodspecies,will also be present
amongoverstorytrees.

This study also indicatesthat somevariationsof the fell-
and-burn techniquemay be used successfullyon xeric and
subxericsites. Winter felling of residualstems,followed by
summerburning, producedstandsnearly identical to those
regeneratedby spring felling and summerburning. Winter
felling did not control hardwoodgrowth as well as spring
felling. However, growth reductions from spring felling
lastedonly onegrowingseasonandhadno apparenteffecton
stand development.This result suggeststhat the precise
timing of felling asprescribedby the fell-and-burntechnique
is not ascritical for xeric andsubxericsitesasoncethought.
Although not testedin this study, spring felling mayprove
beneficial for controlling hardwoodcompetition on better
quality sites or as ameansof eliminatingundesirablenatural
regenerationof Virginia pine(McMinn, 1989).

Burns in winter-felled areas were not uniform, leaving
scatteredunburnedpatches.However,becausetheseburns
top-killed most hardwoodsprouts they were as effective at
controlling hardwoodgrowth asburnsin spring-felledareas.
The patchy nature of these burns may help meet some
objectivesby increasingplant andanimal speciesdiversity
andcontributing to standstructuraldiversityby leavingmore

Table 6. Average height Ift) of planted pines and the dominant sprout of hardwoods six growing seasons after
harvest.

Treatment Oak’ Hickory Blackeum
Other

hardwoods2
All

hardwoods
Planted
pines

Winter fell/no bum l5.3a~ 9.Sa S.5a 13.4a 13.8a 12.8a
Spting felVno bun
Winter fell/bun

14.9a
ll.7b

8.7ab
8.lb

8.Sa
6.Sab

12.2b
l0.3c

12.9a
l0.3b

14.Oa
13.7a

Spsing fdl/bum 1 l.6b 6.4c 2.9b l0.3c l0.3b 12.6a

1 Scarlet oak, southern red oak, white oak, post oak, black oak, chestnut oak.
2 Black cherry, dogwood, persimmon, winged sumac, sourwood, yellow-poplar, and miscellaneous species.

Means followed by the same letter within a column are not significantly different at the 0.05 level.
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Figure 1. Mean height of all hardwood species (by treatment) and planted loblolly pines (all treatments
combined) at the end of each growing season.

woody debris. However,burningin winter-felled areaswas
difficult becauseeachslashpilehadto beignited separateI y.
Although erosion was not a problem in this study, other
studies(VanLearandKapeluck1989,RobichaudandWaldrop
1994)haveshownheavyerosionafter high-severityburns.
Winterfelling mayreduceerosionby decreasingburn sever-
ity andleavingmoredebrisdams;however,this effecthasnot
beenstudied.

Pine-hardwoodmixtureswere successfullyestablishedin
this studywithout site-preparationburning. Pinesurvivaland
growth in unburnedareasequaledthat of pines in burned
areasoverthe 6 yr study. Plantedpines in unburnedareas
remainedshorterthan hardwoodsuntil the end of the sixth
growing season.Thesepines should maintain their rapid
growth rate and competewith most hardwoods.Moreover,
pinescouldbeplantedimmediate]y afterwinter felling with-
out waiting an additional yearfor thesummerburn.

This study suggeststhat little or no site preparationis
neededon xeric andsubxericsites if amixtureof pinesand
hardwoods is desired. Spring and winter felling without
burning were the most simple and inexpensivetechniques
testedand may prove most attractive to NIPF landowners.
Other studieshaveindicatedthatburning,herbicideapplica-
tion, or releaseareneededto preventhardwoodsfrom over-
topping pines.However, thesestudies may havebeencon-
ducted on better quality sites or under different weather
conditions.Moreover, conclusionsin previousstudiesmay
have been made beforepines had adequatetime to catch
hardwoods.In this study,pineswere shorterthanhardwoods
for several years. However,pine heights either equaledor
exceededthe heights of hardwoodsin all treatmentareas
beforecrownclosureoccurred.Onbetterquality sites,hard-

woods would grow faster and crown closurecould occur
before the pines reachedthe uppercanopy. Additional re-
searchis neededto determinethe level or intensity of site
preparationrequired to successfullyestablish mixtures of
pinesandhardwoodsover a wider rangeof site conditions.
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